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The S/N fatigue life gage is an electrical sensor 
similar to a foil strain gage whicn was desilensd to 
measure fotisue danage or fatigue life. Tae gase accunu- 
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This veapner discusses some of the gage peculiarities 
and gives recomendations for further investiscat 
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The recopnition ef material fallures by a mechanism 
called fatisue* is by no means new to the twentieth 


century (2); however, the develcvument of sensor devices 
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to predict fatigue failure is rather recent. Fatigue 
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sensor devices date ovack to about 1948 (15), and today 
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Boeroruine (loi (16), The fatiene saze is menuiseuer 
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by Micro-Measurements, Inc. and is marzeted by Wy TT. 


Bean, Inc. This investigation is cenfined to tne parti- 


Culayv gage shown in Fissure HMVIIT, Section Vs 4 deserin-. 
tioa of tae gage can be found in Appendix Oo, 

The faticue gege was developed LO measure Cumelan uae 
fatigue damage of a material by noting tne resistsnoe 
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Preece and Changes in an irreversible, preagicteole menxner. 
For examole, if the gare was mounted on a soecimen, cycled 
miemenerso bending Bt constant Suvsin amr) acude, end tue 
resistance Was plotted as a function of the number of 
cycles on a log-log plot, the result should be a series 
Gx curves aS Showa in BPisure fy These Curves sean wien oe 
correlated to the fatigue life of a specimen, 

Harting concluded during the sage davelorment thet 
large resistance changes (on the order cf 4005) ware due 


to gage cracking and small resistarce changes (on the order 
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Webeler (335) concluded that fatisue of disordered elloys 


produces cold~vork regions whieh are macro@Ganic, end pence 
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faeoc an incresse in recistivity cue to eleecron seattkr- 
ing. He did not observe microcracks as resistivity in- 
creased. Cohen (9) also noted that the resistivity of a 
dioerdcred alloy snoved a saellowemaximuneeseaatuuesion of 
Gold working; hotrever, he also cites two exemples, a nickel. 
eAWov end a Cepoer alloy, which show comtanovsly dociee 2 
Hoa utveEty aswa function of cold Qomeames 
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Hsned concernive the change in Mesistivivy ef conga 
moms as a tunction of cold workime. Seeing (4) coadeamer-. 
tests on annealed constantan, but no def be Concimeions 
were reacned concernins the change in resistivity as a 
MincwrOneOl Cond WOorkine. 

Up to this point it has been assumed thet cola workings 
causing a change in resistivity descrivne tne mechanism oy 
woich the fatisue gace onerstes. It 1s certainly oessible 


that other mechanism mry come into play. 
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Equation (1) assumes thet the conductor is homogeneous, 


the cross-sectionel area is constant end small compared 
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the length (L), the current is cont 


nous and uniformly 


fate 


Co 


Sag meomelaiy Git 


ep 


siaes and dviler 


ray 
9 


tiating: hence, 


QR ge , ah _ ga (2) 


rae  && is A 


which expresses the unit change in resistance in terms of 
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unit changes in resistivity, length and cross-sectional 


Eouation (2) states that an increase in resistance 


can be achieved by increasing resistivity, increasing 


leneth and/or decreasing cross-seetional area. Instead 
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If a fetigue fase was niounted on a specimen and the 
Specimen was returned to the same strain for each resistance 
measurement, the dL term of ecustion (2) would be zero, 


Under this condition the resistance cnanse can be expres- 


sed by 


It must be noted that a chan 
chenge in resistivity. Dahl (10) showed that for a small 
reduction in area there was no cniange in vesistiyidy; 
however, for a large reduction in erea there was an in- 
Crease in resistivity. 

Horne (17) compared a bonded fatigue gage optically 


pefore and aiter strain hardening and found no dimensional 


change even thougn the gage resistance ircreased., The 


type of dimension change sugzested by equation (3) mey not 
be noticed by an observation such as Herne'’s. To detect 
the incremental change suggested by eauction (3) vould 
Mrosespblyerecuire investigations us ime metallogra eyes 
the enoxy surface could be removed from tne fatigue caze, 
much valuable information could be quicaly obtained with 


a scanning electron microscope such as manufacvwured by 
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Pierce 1S INndiemeion In Gar Ti tera tue soe Gui ing 
Goa Womor even CUurtae (racvure, eo) feipo ge eure cis does 
not exist. It has been recognized for sometime tnay durins 
fatigue, electron emission occurs. Bennett (5) has noted 


fhe libration of gas from fatigued aluminum. Furuiceai, 


5) 


Fuji and Mizukawe (13) aave observad vitting at the grain 


=e 


boundaries in HOP metals durins faticue. Thompson (30) 


aiso noticed vatting in some FCO metals, including coprer, 


> 


m GA in eauation 


ae 


Considering the above observetions, the ter 
(3) may vlay en important vart when considering a number 
Oe tinive Clements of ared. The variation tm area Wana 
possibiy be caused by creation of interne] voids or pits, 
Gr even craces, This would add an additional mecianitem co 
the fatigue gage operation, in addition to any change in 
resistivity. 

Much of the literature dces not seem to suvport the 
fact that work hardening of FCC metals continue past the 
first few thousand cycles. Wadsworth (32) found that FCC 
metals which were soft initie lily herdened over tre first 
few thousand cycles. If the metal was hard at the start 


of the test, hardening did not occur. Hott (22) reiterates, 


de 


ra 


in part, tne work of Thompson, vadsworth and Leuat on fati 


ry 


gue Jn polycrystalline copper which further supports these 


4 


Observations. Mott points OU that Ghee fea om on 


ae 





crack across a Sincle grain probably takes a good den 
1@ss than half the total fatizue life, and the spread of 
the crack at a gradually increasing rate through the re- 
mainder of the specimen takes most of thea life. Ebner 
and Backofen (11) conducted constart deflection, alter- 
nating bending tests (strain amplitude of approximately 
2%) on copper and found that saturation occurred at 

about 2000 cycles, 

Gibbons (14) accumulated what little data was avai 


gee Ime this country concerning strain-cycle Batiesue of 


wrought copper-nickel (70-350). About the only information 


that proved of any value to tnis invest gation was tnat 
an endurance linit® exists at a stress level. of approxi- 


mately 22,650 psi, corresponding to « strain amplitude of 
about .1%. For strain amplitudes larger than .1% fatigue 
cracks can be expected, 

It must be remembered that during gaze manufacturin 


Move be Moa, difficult to set “nelieied Sse. 


f2 


page. In the presence of triaxial stresses any noten at 
the edge of a strand will favor crack developmeny and 


propscetion, 
Beer es 616 rg, A eS CTA Te vO eT oh, 8 ee Eel El A a i ORT ey! ee AE OP ow eee ee wg ee WE Oa A Beer ek re cee 2 ee at & EW CFT. Sele et Gd & are iat 8° eS ee D> 


* In actuality non-ferrous eg: bo endurance 
limit, Giobons' figure is based on 10" ever, 
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Triebes (31) noticed very good covrelation between 


Vo 
his tests and Figure Jy, The 


fatigue gage aoes cperate in 
a predictable fashion except for accasional deviation at 


higo number of cycles, Chironis (7) also discusses this 
deviation, and the phenomena is illustrated in Figure 

of his article, Although the fatisue gaze does give re- 
produciblewdate, tne mecnanism by which this occurs shaula 
be thorousaly understood. If the mechanism were thorough- 
1y understood, some light mignt be shed on unexpisined 
phenomena such as the deviation noted by Tricbes and 


Canrons.S. 
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Wipe tw aemary Oulrectives of this Invrestiss.700 are: 


1. 


a 


oO observe and study the S/N fatieue life 
gage mMicroscovically as well as macroscopi-- 
cally in ean attennt to understand the 
mecnanism by Which it functions 

Ce TO relate observed test results conducted 
on acrylic plastic specimens with the  . 


manufacturer's vublished gage verformance 


ehehiwen 


je 
. 
=<) 
48, 
r?} 
cr 
ee 
" 
cr 
pea 
1) 
~ 
cm 
ub) 
tM 
45) 


The secondary objectives of this 


a 


la TO obsmve the use of the S/N fatigue 


(\) 
yyy 


Che) 


as a strain gege; 


feorezenmc plastic materiaiy 


A 


Se To oboserve the effect of pending rate or 
strain rate on the gage vreriformance; 

4. To observe the effect of delay in talking 
data on the gage performance after a test 
is stovoed for: 


a, 2 short time period, 


b. a longm time veriod. 
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cycles by using the S/N fatigue gage as 2 strain gage 


11f Woeatstone bridge and a decade re~ 


0) 
og 


in one lég of 
sistor box in the other leg, (In the case of the aluminun 
specimens, strain levels-were measured using strain gages.) 
The value of alternating strain used for the test Was 
Semerally the mean value of the first aud fiith eycles, 
even though other values may neve been recomeed durims 
wae tes t. 

After obtaining the readings for the first and firth 
cycles, the variable speed motor driving the fatigue macn- 


4 


ine was set to run at a predete ned specd sm ine mower 
wes Tunmeuntil tnheedleitel counter Indicated the desired 
ember ef cyclesmiemeine next set of data recordime): eeike 
fevigue Vests were terminated wen: 
a) the "Lucite 129" failed due to brittle 
Pee iure , 
b) the steel svecimen developed cracks which 
propagated to the fatigue sere, or 
c) the appropriate data had been obtained 
for the aluminum svecinens, 
The AR data was plotted as a function of N on log~ 


log grach peper@im order towcomvare 11tn Ulewmonutceturer s 


1a; 
by 
CD 
er 
fe 
> 
cr 
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Ss 


d performance and also to indicate areas for further 


investigation, if correlation were poor, 





Tae strain g2ccs Wamwadoe ti aumeve @eses were studied 
during end @iver the tests. The strain gageescould be 
easily studied microscopically during the tests, but the 
fatigue gages required much more laborious and elaborate 
techniques and could only be studied microscopically after 
the test, 

An attemot was made to observe the microstructure of 
two gages through an optical microscope Since the ratique 
v 


2 
> 


gazes were encapsulated in a rather comvlex epoxy lamina 
system, there was some doubt if the thin encapsulant misht 
hinder the observation and indeed 1% did. Botn a new gace 
end 2a used scarce exhibited tne same phenomena when viewed 
through tne microscope. The epoxy coating contained nuner- 
ous randomly oriented gless microfibers,., The microscove 
could not focus on the surface of the metallic grid cause 
Of the glass flberss 

To pursue tne observation of the grid many nours were 
spent investizating means and actually trying to remove the 
epoxy coatings covering the grid. The nmetnods whicn were 
tried and the results are tabulated below, 

RESULTS OF HPOXY RESOVid. fae Tele 


Metnod Results 

1. soaked in 7. tT. Bean epoxy a) no effect on énozy systen 
gase strivver for 1 hour 
a foe 


ase 





ae 


De 


is 


TABLE I (continued) 


Method 


soaked in acetone for 
aoproximately 10 hours 


soaged im hydrofluoric 
acid for 30 minutes 


polished with solution 
of 2 tablespoons of 0.3 
micron alumina powder in 


one pint of distilled B59 


Fr 


A 


soeaxed in Diverse 
Diverstriv DSO evoxy 
stripper at 700s Ox 
(Oe akan 


eo 


soaked in iCC0 a 9% 
mon 1 YoOumeat Te r 


soaked in Armstrons 
Epoxy Strioper at 73°R 
for 220 hnours 


soaxed in Diversey 
Diverstrip D-90 at 
210°F for avproxime 2teLy 
10 minutes 


Po 


Oo & 


wi PO” See nate Me ao? 


O% 
=~ 


=“ 


hesults 


possibly loosened turret 


one turret fell cut 

no efrect on epoxy systen 
fame curled due to acid 
atteacxing glass fibers in 
backing material 

embrittled DSCKINg material 
turned epoxy laminate opaque 
but nootaer apparent cfifect 
On epoxy system 

no apoarent efrset on 

epoxy svstveis 

not a very sood means be-~ 
cause of possible damasre 

to the gage 

no gross attack of epoxy 
system 

this was recommended as a 
very povent epoxy stripper 
several micro pits in the 
evoxy coatings when viewed 
through an optical microscope 
no gross attack of epoxy 
recommended as a very potent 
and corrosive stripper 


several microvits in epoxy 
coatings #imen viewed through 
optical microscope 

no §TOSS atveck or epoxy 


system 

the stripper evaporated at 
a Very rapid reve sec aule 
impose danger to the user 
ave to Woxicitv, cereeeave 
Vepors ,weue. 





TABLE I (continued) 
Method Results 


b) epoxy systen lost its 
luster, but when viewed 
throush a microscope the 
coatings was still present 


9. soaked in Armstrong B)eseme crecantions as wits 
Epoxy Stripper at 210°R D-SO 
Oe ao proved 7 eO b) no apparent effect on 
Minuces epoxy system when viewed 


through microscope 
10, exposed to Hydrochloric a) no effect on epoxy system 
acile, SUlfiNeic acid, 
acetic acid and several 


ecomnmon metallursical 
etchants 


The surface layer of the encapsulant could not ba re- 
moved by eny of the above methods. 

Since the surfsee layer of the encapsulant could not 
be removed, the next sten was to examine the gage by viewing 
a cross section. A new fatigue gase was cut across the 
dlagonal at avproximately 20 degrees with respect to tke 
longitudinal axis (Figure II), then mounted in E-Z Plastic 
Mount® for polishing, viewing and shotographing with a 
metallograph, This view was chosen because it would snow 
any phenomena in tae gage due to transverse as well as 


longitudinal effects, 





PT, RE LAS Ep EE Ne TT re ES a ae er ys 





oe eet 6 ei, OY ee ey 8 ie) Be 





eS A re IE a AE PT ae EEE PES BE, Ty i CT SO 


* Trade name of Dansel gquip. Co., Westboro, Mass. 
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Turrets 


Epoxy Systen 


Foil Strands 


The fatigue gages which were mounted on the Bucite 
specimens were removed with Armstrong epoxy stripve 1g 
actuality the stripper dissolved the Lucite, but left tne 
gage intact. The gages were cleaned in isovrenyl alcohol 
and mounted in "B-Z" plastic mount. These sages were 
mounted intact with tne transverse direction of the gaze 
Merbical and perpendicular to the polishing Suri@ee, 87 
mounting tne gages in this manner the entire Longitudinal 
portion of one strand could be viewed after polisning 
furthermore, it facilitated identifying that point on the 
gage which was in the field of vision, It was intended 


to vhotograpnh all significant points of interest, buteas 


wit be vpointed out ater, this proved to bemmoqmmedie7 reult. 
2 as 





St Procedcures 





st #1: This test was conducted to callibrat e the 
standard specimens for strain level at eacn clismpins block 
position. Once calibrated, any specimen with the exact 
Same geometry and dimensions could be inserted ln tne clemp- 
ing block, and the clamping block could be positioned to the 
desired strain level. 

An aluminum 2024.74 specimen on which was mounted a 
strain gage was placed in the clamping block and secured 
with the gage transverse axis 0.50 inch from the clamp. 
fhe gage was connected to the Strainsert strain indicator 
with an identical gage (dumay gage) in t 
a RTE See ORS Tne eccentric cam was rotate 


beam deflection (y=+0.10 inch) in tension and compression, 


& 


Toe maximum velues of tensile and comrressive strains were 
mecorded Wiua toe clampine block in. positions Po 2, 2n0m>. 


Pies results of tie calibration were vlotted in igure LL, 


Test # 2: This test was cOnducted to studgm the zero 
shift of an EA strain gage of similar size and grid material 
as the S/N sue gage. The only data for fatigue life 
of this strain gage was given to be 10? cycles at =1500ue,. 

An eluminum 2024-T4 soecimen on which was mounted the 


strain gage was secured in the clamping block with tae 


ee a 





HOC epost tion = ¢ math Go= + 5L5/(ave. Tne cantilever 
was cycled and the gase resistance was measured periodi- 
cally with the S/N nullmeter, The number of cycles (Nh) 

and the gage resistance (Rg) were recorded. After the test 
was terminated the specimen was studied and trotogravhed 
with a metallogranh, If a crack was observed in the grid 
strands, the crack length was measured with the metallogranpn 


ag B000X thus eittineetwie capability of readtme™io0r2.5 = 
& 5 


107°? inch. In reference to gage data, “base” refers to the 


ite 


terminal "end”6f gage and@'tip"*refers to tHhe™eppostte end, 


Test # 3: This test was performed to expand the scope 
of test # 2. The vurpose was to compare strain levels 
obtained with the S/N fatigue gese with those obtained 
with a strain gage of similar size and similar grid con- 
Struec.on; furthermere, additional informacion ves cesired 
concerning zero shift of the strain gare, 

One strain sege and one fatigue gage was mounted on 
the flat side of an aluminum 2024-T4 specimen and one strain 
gage was mounted on the bottom directly below the other 
strain gaze. Tne specimen was secured in tne clamping 
block with the bleck in position # 2. The specimen was 
cycled, and the values of gage resistance and Indicated 


Strein were measured and recorded at frequent intervals, 
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As soon as the strain sages showed the first, slightest 
sign of zero snift,.tne specimen was removed for initial 
metallographic observation and study. Tne specimen was 
returned to the fatigue machine and pleced back into tie 
Same position in the clamping block for additional reverse 
bending cycles. After additional cycles the specimen was 
aqeain Henovedeior observations The process wes continued 
until sufficient data of gage resistance, indicated strain 
levels, and metallographic observations nad been obtained, 
After seeing the results of Test # 2, cracks in the 
ence strands were enmbiclvatedys» The crack lengths mere 


measured during each observations 


Test # 4: This test was conducted to correlate S/N 
fatigue data of a 1018 CR steel specimen with the manu- 
facturer's performance curves. The specimen contained one 
fatigue gage which was mounted by W. T. Bean, Inc. Tris 
was the only gage which was mounted by thre manufacturer, 
The specimen was secured in the clampins block witn the 
block in position #1. The specimen was cycled, and the 
data of indicated strain, mumber of cycles and gage resis- 
tance were Yrecorced, The Gata of AR and N Were slovreauco 
compare with the manufacturer's performance predictions 


which were seen in Figure I. 





te wee THiS test Was Conducted to correlate 3/N 
fatigue data obtained from a 1018 CR steel svecimen with 
manufacturer's performance curves and to observe the trend 
in indicated strain when recorded with a fatigue gage over 
the life of the svecimen, 

A fatigue gage was mounted on a 1018 CR steel sveci- 
men. The specimen was secured in the clamping block with 
the bloek lneyesitionm, 1. Awstraim indicator wes used avo 


a Y 


determine Rg and AR for all cycles less than 300. (Sampl 


(3 


computation can be found in Appendix D.) Abeve 300 cycles 
the S/N resistance meter was used in place of the strain 
mmovcetor;s* howeveryethewstragm indicatorewas wsed to mea- 
sure indicated strain. As pointed out previously all in- 
dicated strain measurements using the S/N fatigue 
were performed by using the fatigue gase in one leg of a 
half-bridge and a decade resistor box as the dummy gage in 
the other leg, The dummy gage resistance was that value 
of Rg determined from the S/N resistance meter, In this 
pambacular test numerous readiness of indicktedwestrain mere 
recorded throvghout the test, 

The sveed of the mechine was held constant and thus 


mie bending ratemwas eonstanteat 400 CER, 





Weegs GO ~ 7 1O:- These five tests were conducted 
in similar fashions. One S/N fatigue gage was mounted on 
each "Lucite 129" acrylic plastic specimen. The svecimens 
were secured in the clamping block, but not necessarily 
with the transverse axis of the gase at 0.50 inches from 
the block as in the initial callbration. The clamping 
block positions are given in Appendix £, 

The specimens were cycled in bending at the rate re- 
G@mcead in Appendix &—. Values of Ke, AK, and read 
strain were recorded at svecific intervals of NM. In all 
cases AR was plotted as a function of Ne In addition, th 
strain level for each test was plotted as a function of 
N at failure to obtain a graphical representation of fati~ 
Pecelate of acrylic plastic. 

Each gage was removed from the Lucite svecimen with 
epoxy stripper and mounted in plastic as previously ex- 
plained, All five gages were placed in the same mount, 
Since one new gase had already been mounted, polished and 
studied in detail, 1t was found that this process was ex- 
tremely time consuming; hence, five gazes were placed in one 
mount. The grid of one gase contains 16 strands; therefore, 
it was not possible to examine 860 strands within the scone 
of this investigation. Only several strands and several 


turrets were examined, 


- 2]. - 





fest # 11: Several specimens were obtained from 
Triebes (29), Only the history of one specimen could be 
readily identified, This svecimen was a flat ber of 2024.74 
eluminum with one S/N fatigue gage (type NA-O1, Let: 
AlL2AP13 or AL2AP15) mounted on each side. The values of 
Re, AR and N, which were recorded in April 1966, were 
printed on the svecimen. In April 1967 the value of Rg 
was again measured with the S/N resistance meter, This 


gage an elapsed time of 12 months betveen readings, 
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V. METALLOGRAPH RESULTS 


CRACKING IN STRANDS OF EA STRAIN GAGE (100%) 


CRACKING IN STRANDS OF BA STRAIN GAGE SHOWN 
IN FIGURE XIil (200x) 


DIAGONAL CROSS SECTION OF S/N FATIGUES GAGE - 
ZERO CYCLES (100X) 


DIAGONAL CROSS SECTION OF S/N FATIGUE GAGE - 
LEFT SIDE OF CENTER STRAND IN FIGURE ZV (465%) 


DIAGONAL CROSS SECTION OF S/N FATIGUE GAGE 
TURRET - ZERO CYCLES (100X) 


DIAGONAT, CROSS SECTION OF 3/N FATIGUE GAGE 
TURRET - SAME VIEW AS FIGURE XYII (100X) 
LONGITUDINAL CROSS SECTION OF 8/5 es 
TURRET - SPECIMEN L-2, AFTER 10,690 
TERMINED WIRE REMOVED (100X) 


LONGITUDINAL CROSS SECTION OF S/N PATIGUS GAG h 
STRAND AFTER POLISHING TO DEPTH OF 9,84 zx 107" 
INCH - GRACK ROOT GF SPECIMEN L~3 AFTER 4020 
CYCLES (1000X) 


LONGITUDINAL CROSS SECTION OF S/N PATIGUB ayes: 
APTER SLIGHT POLISHING OF STRAND AT OUTER 
EXTREMITY - SPECIMEN L-1 AFTER 49,528 ee 
(1000x) 


LONGITUDINAL CROSS SECTION S/N epee GAGE 
APTER SLIGHT POLISHING OF overt Ag OUTE 
EXTREMITY AND NEAR INSIDS RADIUS AT END ie 
STRAND - SPEOINBN L-2 APIZR 10,690 CYCLES 
(1000Xx) 


LONGITUDINAL CROSS SECTION OF S/N FATIGUE GAGE 
AT INSIDE RADIUS OF STRAND - TIP BND OF GAGE - 
SPECIMEN L-5 AFTER 550,000 CYCLES (500x) 





FIGURE 
XXIV 


XXV 


AXVI 


XXVIT 
XXVIII 


LONGITUDINAL GROSS SECTION OF S/N FATIGUE GAGE - 
SAME VIEVU AS FIGURE XXIII APTER SLIGHT, ADDITIONAL 
POLISHING (500X) 


LONGITUDINAL CROSS SECTION OF S/N FATIGUE GAGE 
TURRET, VOID AT TURRET-STRAND ~ EPOXY INTERFACE - 


SPECIMEN L-5 AFTER 550,000 CYCLES (100X) 
LONGITUDINAL CROSS SECTION OF S/N FATIGUE GAGE 
TURRET - SAME POINT OF INTEREST IN FIGURE XXV 
(200X) 

S/N FATIGUE GAGE, TYPE NA-O1 


STRAIN GAGE AND FATIGUE GAGE MOUNTED ON TOP OF 
SPECIMEN A-3 
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VI, DISCUSSION OF RESULTS 


TEST # 1: The results of the vloek position ecali- 
Dration Can destebesscenein Fissure JIE. Normally @ flat 
prismatic cantilever svecimen would snow 2 linear plot, 
but tne cantilever specimen used in this investigation 
had a reduced section which caused a slignt non-linearit;, 

One other voint should be noted. Tne bottom of tine 
specimen is supported ov a disk and spring arran 
The manner in which the cantilever specimen is subjected 
to bending does not provide complete freedom from con- 
straint on the free end, 

Peeure Jil 1s good for vremeieiimi. tice tia aot oF 
any specimen providing the followine condi Lions ee ue saices. 

a) specinen has the same geonetry 
OSes ON ee alee’ 

b) cantiiieuer sdetiestiicuicwOn Le 
InGh at the poet of ead apie 
ops mnvm lad eH 

c) strain gage is mounted on the 
flat side and transverse axis 
is Mocated 60,0625 ec qeasems le 
Sentences of the reduced section 
toward the clamped or shorten end 
of the svecimen: 


_ ion 





a) Sthe svrecine® is secured ame the 
Clamping block with the trans- 
Verse axis of thegeace 0.50 ages 
From the clamd. 

TEST #7 2: Throughout the fatigue gage investigation 
the strain levels were expected to range from about. 2000 ue 
to 5000~e., It was desired to measure the strain of the 
specimen at various times during the test; however, tne 
fatigue life of an ordinary strain gage was not known be- 
yond 1500e, This test would give an indication of the 
fatigue life; furthermore, it would possibly snow the 
Causemen “Zero sniiG, 

The strain level of this test was +3157ue for re- 
verse: bendine, ‘When the test was stovped at 6000 cycles, 
a definite but small zero shift in gage resistance was 
noticed, At 10,000 eycles the resistance had inersased 
even more, but was still quite small; however, between 
HOmCoO™ cycles and 159250 temelies ausaarp IneGgercemoceucred 
in gage resistance. At this point the HA Stren gare was 
studied with a metallograph. Cracks were obs ae in every 
strand as pictured in Figure XIII and Figure XIV. Figure 
XIII was photographed at 100X, and Figure XIV is the same 


field of interest at 2OOX, The mean crack length at the 


oe 
a —_ ae 
— > a SS eS 
—) 
oo 
= -_ 





tip end was .00116 inch and at the base end was .00196 
inch, The maximum crack length was .00315 inch or 78,8% 
of the width of that strand. Every crack propagated from 
the Same area as noted gma Figures Kili ana “nv. it ap-— 
pears that tne cracks are caused by stress concentrations, 


Since the gage was not studied at tne inception of zerce 


shift, this test did not determine whether or not erscks 


Ge 


had developed when the zero shift occurred, Usin h 


CG 
1D 


criteria tnat a strain gage is near the end cf its life 
when zero shift occurs (29), the EA g2ce should not de 
used after 6000 cycles in this case, 

TEST # 3: Initially, three gages were monitored dur- 
ing this test, but the EA strain gage mounted in the re- 
duced portion of the specimen appeared to produce very 
little useful data, Attention wes given to the S/N fati- 
gue gage and the EA sage mounted on too of the svecinen, 
This test was stopved aS soon aS a measureable zero shift 
occurred in the EA strain gage. A small zero shift oc- 
Cumreca during the first 5 cycles,. but this can be expected 
of any bonded gage (29). At 5000 cycles when ae ails Be gt 
méasureable zero snift occurred, the Specimen wes renoved 
from the fatigue machine and examined with a metallosranph.,. 
Three small cracks were found in the gage at 5000 cycles, 


The specimen was again fatigued until 10,000 cycles 





ANG FemOved @ror INSveet1On,. Zero Sniltv G2 the Asstrain 
ecace had increased as well as the number and lenzsth of 
cracks. Hereafter, the specimen was removed and inspect- 
ea e2en 1000 cycles in hopes or develowius Some useful in- 
Henna LLOm COmCernin® Crack lefaun and germ cues (oy 
inspecting the data in Apvendix HE, it can be observe 

that AR for the BA strain gage increases as crack length 
erows. Altnoush not ducluded in Section (VV of vars in- 
vestigation, AR was plotted as a function of the mean 
pace crack length on log-log paper, The result was a 
power law relation, but due to scatter and Insufficient 
data, the plot was not too meaningful. Aiso the approach 
of using mean gage crack lensto is questionable beceuse 
insufficient weignt is given to the longer cracks which 
are probably the contributing factors effecting AR, 

In test # 2 there were 34 areas where cracks occurred, 
Cracks were expected in the same 34 areas in test # 3; 
however, five of tnese areas had no noticeable cracks 
after 17,000 cycles (AR of 2.04 ohms). 

Two points are brought out by the crack observations, 
First, 1f a@ crack OCCUrS, oy tll CCCUr an wie Salem rece 
as noted in Figures KIII and XIV. Second, the mechanism 
causing small changes in resistance (i.e. 1% ~- 2%) of a 


foil gase can de a@ttribuved to Cracking eid sou yacte ore: 


oe 





hardening as essumed by Hartings. It would further seem 
reasonable that the crack rate growth could be regulated 
DyecOnst ral nine tne peewee rds Ine encausulauy such as 


used by the S/N ca 


Co 


Ce 

Another purpose of this test was to compare indicated 
strain neasurements of an BA strain gage and S/N fatigue 
gage. The results were plotted in Figure iV. <A line was 
tased. Limweweh the dagargomebse Mit eatuer 5000 seycies tie 
curves need not be fair because the specimen was removed 
periodically and probably mot reviaced exactly as before, 
Both gages agreed extremely well for low number of cycles, 


In fact, in this particular test the S/N fatigue gage read 


is 


almost exactly wnat was predicted by the calibration grath, 
Figure III. Over the entire range of this test the S/N 
gace readings showed less deviation from the valus pre- 
dicted by Fieure III than did the BA gace. In theory, the 
BA gage should have given better resuits until a zero 

shift occurred, After cracks developed in the BA gace, 

it avpears that the S/N gage gave more consistent results. 
po LOME™as Re Cane pe edieve ciiiege rom tie faticue sace wig 
reasonable accuracy, strain measurements using the fatigue 
gage and a gage factor of 2.04 ore within experimental 


accuracy in the low cycle range, 


eu, 





TEST # 4: This particular specimen was received from 


atigue gage already mounted, The 


Fy 


u 
We Lew Bean, LC. With a 
oniy student imput was the ectuai running of the test, The 
results were plotted in Figure V, specitien SJ]. The per- 


mMOumMeamce CUVe COLreloaucm avery fell Woo uc 10% 


CyCiesa, act 
at that point the results deviaved from the predicted, At 
this point no reason is given for the deviation. The gage 
was not studied as to be done in later tests because the 
specimen fractured through the gage. It was decided initi- 


ally tnat to reduce the unknowns, any gage to be studied 


1 
iD 


woud a metvallogreapn snould noc wave been Traciur 


THST # 5: This test was similar to Test # 4 with 





two exceptions. The strain rete or cyclic rate was much 
lower in this test, 400 CPH instead of 1030 CPN. Also 
indicated strain readings were reccrded throughout the 
teste. 

In tests # 4 and # 5 the indicated strain readings 
for cycles 1 and 5 were not indicative of vhat taey should 
have been; hence, the next strain reading was taken as the 
gmndacated strain Level for the perlormaneemcurycs a (nee 
are two possible reasons for this discrecancy. First, 


— 


the 1018 CR steel was very rigid and therefore, the clamp 


v 


Was not completely rigid, second, it Was BOS Mouse a 





Uae fest 5 that due to Shrine wstiemecc oR thers pring 
Was nou Calsing timer beam To complemely certecr ior U,10 
inch in compression at the top surface of mie SxCeinen, 
When the AR data for Test # 5 was vlotted as having 
Sreoin reaee of t+°750@ue (actually a 2457me |, taemcar-. 
relation was excellent, No unusual vhnenomeua were apd- 
served at the high range of cycles as noticed in Test # 4. 
The second major aspect of tais test is presented 
in Fleure VI. All of the strain measurements for the 
fatigue goase were taken using a balenced half-bridge and 
a gage factor of 2,04. Two auestions come to mind when 
viewing Figure VI. First, why does the indicated strain 
increase? Second, why does the tensile strein increase 
at a more rapid rate tnan the compressive straint The 
answer to the first question mignt be approached by Look- 
ing at the equation 


te = € “OF (4) 


To give an increase in strain, either GF must decrease and/ 
or AR/Rs increase more and more exch tine, Strain gage 
theory predicts that the strain sensitivity approaches 2,00 
in the limit which would not give sufficient account for 

the magnitude of change noted in Figure VI. The only other 


reason for the increase is an increase in AR/Rg and is 
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probably due to cyclic strain-hardening of the steel which 
is discussed in numerous references, Manson (20) being ona. 
Later, in Test # 10 there is a slight increase in indicated 
strain, but for the same zero snift the increase in indi- 
cated strain is much less, 

The second guestion can elso be approached by Looking 
at the AR/Re term of equation (4). If the material had 
work hardened, AR/Rg should not have increased any more in 
tension than in compression over just one-half Cyeie. qecu 


a reading was being taken. Tais could nave been cau: 
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a crack in the steel specimen, but 2 crack di 
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until about 59,000 cycles; therefore, 1t would appesr that 
cracking misnt nave been present in tne sensor for all 


cycles beyond et least 4000 cycles, 


TESTS # 6 - #10: These five tests were conducted 
on "Tucite 129" specimens. Acrylic plastic was chosen for 
Several reasons: 
a) Acrylic plastic is veing used more and 
more in the field of Naval Architecture as trans- 


9 


parent windows in cceanograpnic research ships and 
Submarines. To dates no constan 
data has been pubdlished for tnis materia 
though Marin, Pao and Cuff (21) 


extensive creme s udwves, 
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b) Acrylic phestbesefail in a Driztive man- 

ner which means no cracks would be developing 

under an S/N fatigue gage, adding more uncer- 

tainty to this investiention, 

c) Being a non-metallic there would be no 
magnetic phenomena induced from the fatigue 

specimen (29), 

The performance data was plotted in Figures VII througk 
Figure XI. The specimen fatigue life was then plotted in 
Figure XII. Specimens L-2 and L-3 shovwea excellent correl- 
agavon with the predicted” performence curves. Specinens 
I-1, L-4 and L-5 showed reasonable correlation. Svecinens 
L-1 and L-5 devarted from the predicted verformance curves 
at high number of cycles. Specimens L-1 and L-4 appeared 
to oscillate about the predicted curves somewnat. HO ap- 
parent reason can be given for this ocillating phenomena 
unless it is due to creep and relaxation in the Lucite (21). 

It appears that wnen a gege is bonded on a Lucite 
specimen of the size used in this investigation, the specie 
men will not fail at the B2 se; but instead at the hishest 
strain level just past the gage (i.e. the gaze tin). 

All gases which were mounted on the Lucite specimens 


were ‘Studiedmby obsenmmame Lomeritudinal cross seevione 3... 


aa. 





a metallogravhn., Before proceeding wita discussion of 
these five gages, a few comments should be made oie orem 
the observations of a gage with zero cycles, Figure XY 
shows a dliagonsl cross section of a new gaze at 100X,. 

The strands do not have a rectangular cross section ye but 
sSlove to a point at the edges due to the acid eten vrecess, 
The edges of the strands are not even. Numerous micre- 
notches exist along the edge as demonstrated in Figure XV 
at 1OOX, Pigure XVI shows tae notcen of the middie strand 
in Fieure XV, but magnified at 465xX, Fisures “VII, xVPil 
and XIX show the turret of the same gaze. There is a 
small void in the lead turret. In this specimen as many 
as three small voids were observed in the turret at any 
one time. If voids exist in the lower 50% of the turret, 
they will be present after soldering because experience 

in this investisetion revealed that only the upper 25% - 


40% of the turret was melted during soldering when the 


Bs 
proper connection procedures were used, Fisures XVII end 
XVIII show the angle of the epoxy-turret interface. The 
angle at this interface was not consistent, but acute in 
some specimens and obtuse in other svecimens, Figure XIX 


snows an acute angle of the turret in snecimen Le? after 


removal or the csnnection wire, 


po) 





hitter studying the results from Tests 7 2, # 3 and # 5, 
toewwraviehe cages were swnsveeted for crecss, If cracks 
had developed, these cracks should occur in tne areas of 
Smeess concentratiom es seem in Figures Xiii and XIV for 
the BA strain gese, Svecimen Le4, which showed excellent 
gage performance correlation (Figure IX), was examined 
d in one 


Perot, &§ Sienificent foe was found as expec. 
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of the places of high Be reer concentration (1,.¢€, the sane 


area as in the EA strain gege). This crack was lecated 


ct 
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at the base end of the third strand, mumbering from e 
outer most strand. At tne very outside edge of the strand, 
the crack had opened approximately 2. 3 mils. In one 
portion of the strand adjacent to the crack, a very small 
void had been created. It is unfortunate trat in the rro- 
eess of polishing for a clear photosraph eat 1OQ0K this area 
of interest was lost; however, after polishing the area to 
a depth of 9,84 x 1074 inch, Figure XZ was obtained at 
ewer 2 Me wave FeCemserena CoaCuness fs C metsew ene. 
be’ used as a scale in the photograph. If this crack hed 


been vieved looking down at the strand, the actual reduction 
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* It was not possible to set a clear picture at 1LO00X 
unless an oll lens was used. Wo o11 lens was avallable at 
the time of photographing. 





in area at this section could not have been determined 
because there were different reductions above and belorv 
the strand. Cracks were found In other esges, bout not 


Siiesprconds ceontoinedsoerac.ccn 


strand were very uneven. Figures KXI and AXIi taxen at 
LOOOX of specimen L-1l and L-5 respectively demonstrate 
this point. The average strand thickness at mid-section 
js 2 mils. The meximum thickness in Figures KXI and XXII 
AS approximately 1 mil. 

Figure XXIII. taken at 500K, shows one of the arsas 
of specimen L-5 where a crack might be exvected to develop, 
The tnick portion in the right of the photogrann is the end 
Ofsthe strand, and the thin vortivm is the sedec of aestrand 
which is joining at the inside radius. Figure XXIV, taken 
at 500K, shows the same area after a very brief polwasnings 
(approximately .001 mm). The small cracks in these tuo 
photographs are probably notches due to etcning and not 
really cracks, There are several pits in the strand whicn 
were never noticed in a gage which nad not been fatioued. 
The reason for these pits is unknown, altnough it is pos- 
sible that the pits are caused by work hardening, 

Specimen L--5 did not exhibit gocd correlation at the 


higher cycle range. It is believed that a large void next 
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to the turret helped contribute to this phenomena, The 
void is shown in Figure XAV at LOOX and Figure XXVI at 
200X. The photographs show ea crack in the foil grid below 
pie VOLd, The Cricimicoulimasye developed during polasnings 
because the foil was not rigidly constrained at that polnt. 
The cause for the crack cannot be reudily ascertained, but 
theworack is Jongwememen teat it could notebe, polished. ots. 
It probably extended across the void. <A comivination of 
Gaemenack 2nd DOSSibse HOM rigidity of the turret to the 
foil could have caused a rapid increase of AR. 

Other phenomena were noticed that could cause an un- 
expected increase in the slope of AR/N. Specimen L-4 
had 2 rather large void in the lead turret waoich may have 
Goutributed to .thesociliatingseifect in the performance 
curve. if the life of the specimen had been longer, a2 
permanent AR deviation may have been noticed. If voids 
exist in the lead turret, they could certainly cause un- 
predictable effects as the vold geometry cnanzes due to 
leona working. 

Poor. solder connections to the turret or oecone 
melting of the turret might give erratic results in AR/N, 
No dirmeculty was expercenced i Vals wine > re genuie den ema 


connections failing as noted by Herne (17). 
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Cracking of the grid can not be ruled out as causing 
the unexpected increase in AR/N. This deviation phenomenon 
Securs aever Many Cyel esOperameene and Jone crack sus— 
ficiently well vropagated could certainly cause an un- 
expected increase of were 

Most of these tests were run at Gifferent cyclic rates 
in an attempt to desernine af Strain rate eiiected the 
fatigue gage performance. No definite conclusions were 
reached. : 

Several times while taking data it appeared that AR 
increased slishtly with time with the beam at no load, 
Specimen L-5 definitely exhibited tnis tendency as can be 
seen in the data for Test 7; 10, Appendix HE. This is cone 
trary to Horne's results in which he cites a decrease in 
AR with time. One might expect a decrease in AR due to 
possible relaxation of the specimen, To give an increas- 
ing AR;,a crack would have to be propagating in the 
specimen or the fatigue gage, The Lucite specimen would 
not support crack propagation without complete fractures 


fMhis leaves the possibility of gage cracking,: 


TEST # 11:: The data used in this test was froma very 
sm2l] sample field, only two specimens. Using Triebes' 


(31) specimens two fatigue gases were checked for any long 


time effects on change of. resistance. AR of one gage had 


Sean 





increased by 29.7% and the other by 48.55 over a 12 month 
periad. Since the gages were still securely bonded, this 
leaves the possibility of stress-corrosion in the alvminun 
Specimen Or Ute faticue se4ce oe boun, Nowemecrs could 

seen in the aluminum. Swann (28) mentions stress-corrosion 
idm some copper alloys if ammonium ions are present. The 
exact production process used in manufacturing of the S/N 
fatigue gage is not known, but some rnoto evtcning processes 
definitely have ammonium ions present (8, 27). If any 
mace Of ammonium 1enoeye rome sen 22uce 2 naniliseweins 
precess, the fatisue gare could possibly be effected by 


stress-corrosion 





VII. GONCEUSTONS 


fhe S/N Fatigue Gage tas designed to predict fatigue 


Hearlures beToOre & Cavssmmee gic Padture occurs. This is 
accomplished by compering tne data with performance curves 


lite remeining in the material subjected to fatisue. 


Under ideal test Comditions this investisetion did, in 


* 


general, show that the performance curves are reproducible, 
The mecnanism oy which the fatigue gage operates is 
not due to cold working alone, Cracking of the foil 


material contributes to the resistance chanse of the 
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It is possible that cracking may be the contributing 
after several thousand cycles, depending upon tne strain 
range. Crecking can contribute to small changes in resis- 
tance (1% - 2% ) and is not restricted to large resistance 
changes, If cracking occurs, tne cracks can be found at 
elthner ends of the strands where the inside radius joins 
the strond, 

The S/N fatigue gage can be used as a strain gage with 
reasonable accuracy; however, for the higher cycle range 
there is 2 more rapid increase in indicated tensile strain 
than compressive strain, The comvressive strain should 


give a more accurate indication of strain level. 
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There ls indication thet voids in the enoxy, adjacent 


mm tae Lead turress Tay Cause 


ron 
< 
O 
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to the turrets an 
deviation from the predicted verformance curves at hisner 
Seyeres of fatisue. Crackine of tne Toll saa ma 
SmoOssi OL ity contributing FO Uils devittaem., 12 the Crack. 
Pee cers Crratically, No eraces OCC Pred an any Gr the 
terminal nook up wires in this investigation. Figures 
RXVIIL and XXX show the tyve of hook up used and was very 
successful. 

No definite conclusion was reached concerning gage 
perLormance as a function ox cyclic pending rate, 

This Investigation shoved that for srort time tests 


on Lucite, resistance change increased slignktly as a fune- 


a 


tion of time, For one longs time test on eluminum, rescis- 
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tance charse increased as a function of time,. probably due 
tO stress corrosion in the aluminum or possibly, in the 
gage depending upon the manufacturing vrocess, 

foe strands of tre fatisue geese do not have a rectan- 
gular cross section, but taper toward the cdge in a sone- 


what ogivel fashion. There are numerous micronotches 


aiongs tne edge of the strands and the strand tnickness 


The procedures for mountins the gages (Appendix 4.) 





were very. successful, The procedure of cleaning the back 
of the fatigue gare witn anmonia neutralizer is questioneble, 
If constantan is susceptible to stress-corrosion when 
exposed to ammonia, it is possible that during lapping 
the back of the gagse with pumice, a peth could be opened 
to the foll via one or several of the voids in the epoxy 
through whiecn ammonia might flow. 

When the fatigue gage is mounted on Lucite,. the sveci- 
nen will not feil at the gage but at some point just past 
the gage. It appears from Figure XII thet "Lucite 129" will 


have a longs fatigue life below strain levels of 1900Mmeée, 
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The ideal investigation of the S/N fatigue gage 
would include examining the surface and the ercess section 
of the gage. The following precedure is recommerded for 
@mors thorough investigation of the trve initially ate 
tempted in this paper: 

a. Find an adequate solvent for removing the 

epoxy from the gage surface; 

db. Examine the foil surface with a scanning 

electron microscone; 

c. Examine the sage cross section by first 

etectro-plating with nickel, then mounting 
the gage for polishins, MTnis would pre- 
tect the edges of the foil from ary pos- 
sible cold flow while polishing; 

d. Attempt to determine the change in resis- 

tivity as a function of cold working. 

Additional tests should be conducted to determine the 
effect of change in gase resistance as a function of time 

Wood (44) recommends conducting constant strain fatigue 


tests on cylindrical samples, It would ve interesting to 
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conduct tests with the fatigue gage mounted on cylindrics) 





specimens and compare tne results with results obtained 
Mecc tFab Specimens, 

The plot of strain versus cycles for "Tucite 129" 
(Figure XII) should be supported by additional date. 
More specimens should be tested to confirm the shape of 


the curve, 
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reasons: 


shown im Pigure XXIX was chosen 
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concigurations, 
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Bean standard S/N fatigue Was chosen 


specimen 


vecimen of the 


89) 


1. the specimen as designed for the 
W. T. Bean nortable S/N fatigue machine, 
although the specimen nad to be shortened 
O,.50 inch to permit its uss Iagetamoi ag 


(See Appendix CO for 2 


_ 


DUCCIEG0S1 Geom os 
detailed description of the nortable S/N 


fatigue machine.) 


we 


2. the specimen would eliminate one 


parameter (i.e. different ceometry) which 


mient cause deviation from the manufactur- 
er's predicted gase verfornance; 
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such as to induce 
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fracture at the same local area during 


each test; 


cf 


4, the svecimen was avprovriately 


> 


sized to mount one S/N fatigue gage at 


reducea section of the specimen; 
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5. the svecimen required a limited 
anount of meteri2al and could be machined 
from standard stock materlels by the student 
mittee ial estucentenaciine sep: 
The reverse bending specimens were fabricated from 


cold rolled 1018 steel, 2024-74 aluminum and "Lucite 129" 


ay) 


acrylic plasticw, The steel svecimens wer 


donated by wW. 

T. Bean, Inc. The aluminum snecimens were machined frem 

Oe (oo X 06250 "ve OOC4- 14 alumi nu Stock ee Tae saci ie 
plastic snecimens were cut and machined from 0,250" cast 
sheet "Lucite 129". In addition to machining, the acrylic 
plastic specimens were annealed at 160°R for 4 hours. All 
macoining was yverformed along the longitudinal axis of cach 
syecinen. There were no machine marks along the transverse 
axis. Alwerenochikeineg, 211 specimens Were polished wiun 
very fine emery cloths In the case of sikesplasticuspeci- 
mens the vcolishing was performed before annealing, 

One S/N faticue zage was mounted on the flat surface 
of ench faticue specimen with the gase centerline at a dis- 
tance of 0,062" from the center of the reduced section ard 
towards theeclammed end, Prior Vorvmountenetes cig. 
stendard surface orenaration vrocedures were 10) lowed. 

Tae entire procedure was as follows: 
1) insure temverature of srecimen at or slightly 


eS 
above 7O°rR: 





3) 


a) 


6) 


T) 


8) 


10) 


=. 


lap surface with silicon carbide caper divred 
in Bean metal conditioner (240 srit for steel 
andwaluminun; 460 ercit er plastie)s renove re- 
Sidue with clean tissue; 

repeat stev b) and mark gage location with 6 # 
pencil; 

ovis Nena COME OnerwEemsuriace with cotton 


swab and remove with one stroke of clean tissue; 


0 


poly ammonia neutralizer to surface with cotton 


Swab and remove witn one stroke of clean tissue; 


peas 


Sing fine pumice powder, lap bonding surface of 
page end teflon terminal strip with a circular 
MOtLOnN on “lean glass plate, wsins Linger 10 a5nly 
light uniform pressure to top surface of gage and 
terminal strin; 

place gage face up on clean glass surface and 
positwven terminal strip directiy against the end 
of gaze; 

apply cellophane tane over tcp of gage aud terminal 


Strip; 


Lift gage and terminal slowly from glass surface 
and clean back with cotton applicator dampened with 
ammonia neutralizer; 


place gage in nosition of specimen woich was marked 


=e ae 





previousty "with a 6°H pencil; 

11) startins at one end of cellophane tape lift gage 
assembly, leaving the other end firmiy attacned 
to tne specimen; 

12) apply thin film of blue BHastman 910 catalyst to 
back of gase and terminal 
for approximately 1 minute; 

13) avvly two drovs of Eastman 910 adhesive to gage 
area of specimen. If adhesive has been Stored in 
refrigerator, allow it to reach room temperature 
Demerre elses 


14) feed gaze and tape onto surfece, holding free end 


C9 


of tape above surfece with one hand and using ball 
of tissue in other hand to quickly force gage as- 
sembly into place with one stroke; 

15) within one second press gage firply into contact 
with surface using a small teflon sheet while 
applying pressure with a finger for thirty seconds; 

16) after approximately two minutes the cellophane tape 
was removed; | 

The solder turrets of the S/N fatigue sage are 1.5% 
silver, 5% tin and 93.5% lead. The turrets melt at 505°R, 


and if this occurs, the lead 1ill flow ente the soldering 


iron, tnus ruining the gage. No solder connection can then 





be made to the gage. Tne next fey steps are therefore, 


most important. 


17) 


18) 


19) 


20) 


Za) 


22) 


23) 


24) 


set powerstat voltage at 95 Vac for a 22.5 watt 
soldering irom With &@ 6125 liege) point tip; 
tin terminal striv and gege solder turrets with 
rosen core 63-37 tin-lead (Bean 300°) solder: 
remove approximately .50 inch of the insulation 
from the end of 2 stranded # 30 copper lead; 


separate a single strand from the rest; solder 


the others together and cut tne solderedyerous to 


+ 


u 


approximately .125 inch lengin; 

tape leads to specimen surface and solder to 
Germinal Strip; 

form the single strand to a "C" shape so that the 
free end lays on ton of the turret. Amowcr tie 
loop using masking or cellorhane tace so that the 
loop end is firm against the solder turret; 


lay the rosin-cored solder on top of the solder 


= 


jumetion and Dring, solderine iron dew on | jose: 
remove solder and then 1ift iron; 
float tave loose with rosin solvent and remove 


sli solder tik: 
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FIGURE XXX 
S/N FATIGUS GAGE AND TERMINAL 
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reiterating which will improve test results and reduce 
scatter when tests are revroduced, 
a) Insure that soldering iron temperature is not 


ws 


raised much above 300°7. Hish temperatures will 


damase the solder turrets on the gare, 
Bb) Position terminal strip @igectly esainst gace 


c) If the installation will permit, voosition terminal 


Two aluminum svecimens were subjected to fatigue with 
Micro-Heasurement Type EA strain gages. These gages were 
mounted similar to the sbove vrocedures exceot there tiere 


mo solder turrets and laroine 
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The S/N gages were removed from the fatigue pending 


Specimens using enoxy strinvers ne 


~ 
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estos SiC euoxy 


o 


Hema iS @asily broven #wita any epoxy Stripper Yicsved in 
TABLE I. The gages vere mounted in Dansel "35-2" Plastic 
Mount for polishinz. The maximum temperature during set 
ting was about 135°#, To observe the microstructure of 
we metal, 2a flat, mirrorlike surface must first be 
Camune comple, Polishins for struectusel observa sons 

Mapp ires tne aAbttcinmeyv, OF 2pproximevlon Of & migrorvaice 


Suriace by cutting away norm irregularities ravaer than 


ie Causine Nien arens to flow invo low Sarees, es im bu ine, 


All svecimens were polished on three successive ro- 
tating disks. The first steo used a disk covered with a 


600 grit abrasive. The second step incorvcorated a special 
cloth (Buehler microcloth), mounted on a disk which was 
PeEeLOodIcl2lly Snulrated Vwivh an abrasive solucion cons sce 
mie OL <¢ tablespoons of O75 micron alumina Dowden to ome 
mince Of distilled smter, The: toird solishivie ss eo 
eorporated © special eLloth on a Sévarets aise fremectc =, 


—= 


ana @n abrasive solution of e@ tablesrnoonus Or 0,05 oe. 


t 


g@lumina powder in one pint of distilled Water. 1 teuce, 


$4 


means of inspecting 
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the prosress of the pOliSi3 ae ces 





was to View the specimen through an onticnl microscope 
at 500%. 

The entire polisnins process is rather difficult 
and wime consumine for speciméns,as small aged surain 
eeecambpetore 2 satisfactory surface is obtedmed Lor ug0tc0-— 
graphing. It is extremely important to neriodically clean 


ViemoOoliIsnaineg wliccls with distihiled water to orevent ouild 


3 


Uemomeeny lare@e particles on tne volistyageclovh, 

Many etchonts were tried in order to bring out the 
Cramer Suructure of the gwge, but no satigracvory cecaant 
ms found to vroverly eten theesmall cross section, “since 
tee svecimens were not etched, eny etch like annearance 
ei the edges of the fatisue gage stronds are tae results 


Gi toe gmiec manufoctumineg process, 


eo — 





GC. DESCRIPTION OF APPARATUS 


PEGs C8 a. Mp | 8G OPM LT GOT PEP Boe, 


G/N FATIGUa MAGHINE 
411 fatigue tests were run on the # Tf. Bean S/N 
fatigue eee as Gorn in bigure AAAije 97iis Machine 


was Cnosen so that the vossibpalit 
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S predicted gage performance and results 
of this exveriment mignt be mininized, 
d@e Tacnine 25 quite suall and therefore. sertaple, 
#* 


It is a constant displecement device for low cycle (i.s. 


iéss tha n 10° Cr: 10? cycles) fatigue studies ef a canti- 
lever beam In bending. The machine can orovide Yraverse 


a he 


bending, all tension or all. compression Cevending upon 


a 


the desires of the operator; furthermore, tne macnine per-~ 


bad a 


e 


mits subjecting the bending specimen to a number of dif- 
ferent strain levels altcough this range is limited in 
reverse bending to approxinavely 2000Me ~ 5000ue. 

The oreration of the machine is quite simple, A 
variable sveed motor drives a fly wheel to which is a+. 
tacnem a bail bearing eccentkic, Theweccent rie = oo ume 


pme Side of the cantilever anda @ Souris Tesdecmetcc Tesi 


on the onnosite side of the bean TAGHGS CEN Gc VCr aes 
O.2 inch, thereby giving a maximum disolacemaent of 0.2 


yiciags 
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WMH OO ON NU FCW HOW}W ONDA EWN HOUO ONIN SW Ne 
Nee ae Nim Smee Meme Same re Sere See See Ss Nee Nee Nee See Se Nee ee Se ee Se? See Sa Se ee Se Ne Ne Se Ne Se” 


“S/N~ FATIGUE MACHINE PARTS LIST 


' 


3/16 Allen wrench (long) 

1/4 - 20 x 1 Allen cap screws (2 req.) 

Base plate 

peccimen clamping block 

Specimen shim plate 

Specimen clamping plate 

Cam shaft bearing housing 

Cam shaft 

Flywheel 

Specimen compensating block for clamping 

1/h ~ 20 x 1 Allen cap screws (2 req.) 

Cam bearing (ND 77R12) 

Cam shaft support bearings (ND 77R8) (2 req.) |, 

We inch fiacsweasner | 

1/4 ~ 28 x 1/4 Allen set screw | 

‘Vacuum cleaner belt #105 

8 - 32 x 1/4 Allen set screw | 
By 4 inch dia, drive pulley | 
Drive motor, Dayton Electric Mfg. Co., Model 2M037 1/10 hp. | 
JO ~ 32 x 1/4 Philips round head screw (2 rea.) ’ 
Belt damper plate (adjustable) 
Mine AC oewer cord 

Powerstat | | 
6O0GVDC, .01 MF capacitor 

Cord grommets (2 req.) 

8 ~ 32 x% 1/2 round head screws (3 req.) 

0.062 inch thick shims 

10 ~ 32 x 1 flat head screws (2 req.) 

Spring retainer pin 

beading spring 

Sor ane cap 

opring installation plug 

eee 20 x 1-1/4 Allen cap screws (2 rea.) 





for reverse bending. For reverse bending the fixed end 
of the cantilever beam is placed in a clampinas biock with 
aO.l inch shim plate on top of toe Dean, Tee Cianpine 
block may be located in three standard nositions devend-- 
ing upon the desired strain level. A fourth non-standard 
position can be previded if a longer svecinen is used, and 
Only one set screw is used to nold the clampins block in 
position. 

In order to determine the fly-wheel speed a str 
fight or fluorescent Jamo must be focused on a white dixr- 
metrical line located on the fly-wheel. By obtainins the 
proper image the fly~wneel speed is obtained. Knowins tne 
flvewheei speed and having a ston watch, the number of 
cycles can be determined. The fly-wheel must be turned 
manually to keeo accurate count of the first few cycles, 

The above method of determinins the number of cycles 
was not used. The machine was modified slightly by build- 
ing 2 counting mechanism wnich consisted of a 110 volt, 
60 cycle electric counter in series with a micro-switen, 
The micro~switch was actuated by the eccentric. For each 
revolution cf the eccentric the micro--switen closed once 
and tne counter recorded one count, The Coumver was a 


G dieit counter. 


S/N RESISTAUCE METER 


Qe here n® Ee 9s OSE Re) ee ee ee oe Ee Ge SE 


Tie eat, BeeneS/HGRBSTS TANCE aa Ser bellaree, 
Wheatstone Bridge type instrument speci ally designed te 


measure resistance cr resistance increase (AR) in S/N 


Fatigue Life geres. The measurement range is from 100 to 


a 


e0o onmst The value of AR abeveslO0—eams is reaageaieec si + 


Sea tareés=cneit dlal in its of 10'S) 1s and 1 /iowor 
Tue meter is designed to receive three-wire imput for elimn- 
inating lead-in wire resistance from the measurement. The 


4 


meter nas a hign and low sensitivity button so that the 


meter can be quickly nulled. OQnee the meter is nulled by 
ooserving a needle on a galvanometer the value of AR can 


be easily read from the digital nulling dial. Battery 
voltage effects the sensltivity of the meter, but does nov 
effect the value of AR. 
STRAINSHRT STRAIN INDICATOR 

The Strainsert, Model Hiw-1l, was used to measure smail 
resistance chanses (AR) below 100 cycles and strain level 
of the S/N gsase or BA strain gage. The instrument is de- 
Signed for use with Wheatstone full-bridge or half-bridge 
strain gage cireuts. It is callbrated to reacwairce 
in. micro-iluches per inch strain when used with strain gages 
having resistences between 50 and 2,000 onms and gage face 


tors between 1,20 and 4,504 The iustrisent Cem gem 2c 





METALLOGRAPH 
The Metellogravh, manufactured™by the Wmerican Optical 
Company, 1s a versatile device which vermits naenified 


optical Viewing, micro measuring, and photesripnin 


can be easlly translated in any direction with microneter 
knobs to permit rapid viewins of anv part of the specimen, 
Normal use or the optics permits magnification af 1LO0%, 
200%, 500k SiperO0Oke Addationale@mamimves tie of SOX, 
fo7eade 1,500 can pe obtained with Special edaneers or 
accessories. 

The optical system permits viewing the snecimen through 
eye pieces or a projected image on a camera adaptor. Toe 

ae) 


camera adavter receives 2 Polaroid Land Cenex 


Q9 


eraphie work. The adapter has a widesgrenge of Seucter 
soveeds. Tne proper exposure is determined by an anvropriate 


augucstment of the illumination intensity knob and siweter 


¥ 


speed, 

4 vi a A | nial 3 nae ram 
S/N FATTGUE LIFS GAGSS 
eo Me Oe ern tT ee ‘in ee ee. oR en FOE EE EOP UE 


The S/N fatigue gages have a constenten foil* (conver- 





% Svecieice devaris or “vme fommeare Cropr ie as er eae 
Since the case is desisned to work harden @¢ logical con- 
clusion vould be shat tre foii is an annealed foil rather 
than = or @ 1ardened foil. 





nickel elloy also known as Advance, Gupron, and Covel) 
grid, The constantan grid is completely encausulated (24) 
in a hignh-functionality evoxy resin system wnich is rein. 
forced with glass fibers on both sides of the gaze. Con- 
nections are made to sclder turrets wnich are mechanically 
bonded to the grid foil and held firinly in place by tne 


evoxy system, The following data avvlie 
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Resistance: 100.02.2% ohns 
Nominal Gage Factor: 2,04 
Meo Numoers:  Al2ArLS, | a-fhies rer 
FA STRAIN GAGES 
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fne BA strain gages are open-face 


Nee 


ed 


Nes le hoe 
Joe a ¢ 


constentan Toil grid and a general purpose epoxy 
which is tough and flexible. (24). The following infor- 


pation apviies to the strain ga 


Tot Numbes: Ate Ayo 


* ° fy < 
Matigue Life: 10, cycles © t1000K€ 
10” cycies @ ©1500 ue 
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All test snecimens were cantilever beams uith constent 
aiternatins displacement, Assume the beam is a wel 


FIGURE XXXIfL 
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maximum deflection knowing the maximum instantensous bend- 


Ane 
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moment 3% 


Integrating once 
eal yt= + [pix-3Px74¢, | (6) 
bay =O Lvhera i= O45 therefomesg 10: 
Intesratin 


(7) 
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* Foner end Backofen (11) feund for alternating bend- 
ac eo. tant deflection tests with strain amolitude of 
approximately ,2% that the pending moment was not constant, 
but increesed slicthtliy between 10° - 10/2 evcles Tor metallic 
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aArranced tO Weld: 


5 + a ad AG = pl eh 
Waser asoic strain et tr 


1e outer fibeec of the beam is: 


Vow, combining esuation (5), (9) and (10) yields 


Pa era t =- 4 A 
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From equation (i1b) it can be seen that for a constant de- 


flection cantilever bean test, the strain at a given dist 
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eas ea suction of feometry and independent of materiag 


whe . ag toa sine f aye Le me —-. ~y ote > ~ 2 os 4 ? Ls = 0 +. ~ 
tested, hven though the test svecimens were not exaculy 
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mounted; however, a strain gegze was mounted on ons plese o 
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Snaesd awa “ i é . _ . : oo oc “4 - "4% s - 4, 
fluninum (2024.74) an@ strain measurenen 


ra 
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STRALE CALIBRATION 


Pumetion Units Block Fosition* 


incneses Om5o 
Lrcnes Og, 10 
inches 298 
~ 2400 
+2569 
Bae 4760 
DAE, 2 380 
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Computation of Small AR 

For Large values of N and AR the Bean S/N Resistance 
Meter wes used; however for values of AR below N= 100 
cycles more accuracy can be obtained by using a strain 
peace vor, Before commencine @ run tee strain iIndicavor 
was hooked ud as a Wheatstone helt-bridge with Re in one 
tee and e dummy vaiue of Re in the otner lea, The bridre 


was nulled with the strain indicator after the nominal 


age factor (2.04) was set on the gage fector disl. Sinc 
5 < 


497 


for small velues of AR, Re is essentially constant, and 


& 


the following equation can be used to comoute AR: 
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&# The block can be placed in @ position such that 
H= 4,65 inches, but the test svecimen must be lonser then 
toe snscimen for tne other cosition. No calibration was 
Wie: Loe DLOCK. Iaeonls. DOS 
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be veried slightly by varyinz zx somewhat, but tnis is 
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AR= (AE) * Re * GF (22) 
If Rg=100 ohm and GF = 2,04, this becomes 

AR= 204(Ae) Ley, 
where A€ is expressed in inch per inch. Equation (12) can 
also be used to comnute AR for N>100 cycies if Re is in- 


creased by AR during eacn measurement and tois value is 


—_— 


Pr ce 


Substituted as tke dumny resistance in tne half~oriase,. 


During each interval of N, Re in equation (12) would be 


rege ene # 


up dated. Tne total AR over a large value of NW would then 
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ibe Coe Summation of aL the inerenentel valvestcr oy, 


EB. TABULATION OF DATA 


IST # 1: Glamping Block Position Calibration for 
Neve CS cmmee wc 2 Tie 

Material: Aluminum 2024.74 

Desisa: Flat Bar 

perial No.: A-1 

poraia Indes tor, Streaineec® Hil 

Gage Type: BA - 14 ~ 205BB = 120 


Type Loading: Reverse Bendin 
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% All strain measurements in Tabulatiem@ of Deca willl 
be given in microstrain. 
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Deo 2: Zero Shift of 
Materlel: Aluminuin 
Design: Flat Bar 


Sea Oe ns 
Streau Indicator: 


Gage Type: 


Clamoing Block Position: 


Pype Loading: 


N 
0 
1LO00 
6000 
10,000 
5 OCo 
Sue eanG. 
outside 
1 
2 
is 
ra) 
5 
6 
7 
ts) 
9 
10 
die 
ie? 
a> 
14 
bes: 
16 
outside 


bA Strain Gage 


2024~ 74 


OS gS EO = 
# 2 


Reverse Bendine 


ee 
(Se 
Re 
119.80 
119.60 
119.95 
120.15 
143,00 


Crack length 


Base 


ACO iar 
eQ0200 
200175 
Beoe 50 
mo 95° 
~00260 
200185 
Bee 4.5 
00280 
200200 
00160 
200140 
200165 
e00225 
~CO1L7O 
eG0250 


- 82 


Hone (S/N Resistance Meter) 


+ 3157) 


Test 


(inch) 
ed O 


«00060 
»00180 
200020 
sor 
CMG eas. 
200120 


sOOL Su 


eOOL/O 
eOOL45 
200150 
000125 
000195 
¥O000 39 
pee e5 
200050 
200140 
00090 
000120 


Terminated 
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—— 
ee 
- a 
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ee 
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pol 7 oi 


OL "Zero Salita end Paeicatedwe trash 


Material: Aluminum 2024. pd 


Design: Flat Bar 

Seoriabeo.: Aed 

Strain Indicator: Strainsert Hi/-1 

Gage Types; 
NA - OD 

Clamping Block Wesiticn: 4 2 


Type Loading: Reverse Bending 


Cycle No. Gage Rg Ge 
0 Top BA 120,50 
0 Bottom FA 119.80 
O . Top S/N 100.15 
0 Dummy HA 120, 32 
1 Top S/N Oe s5 5s 
2 Top EA 2120.50 -%3200 
3 Bottom BA 119.80 -%4300 
5 Too S/MmemOO AS ieee 73 
6 Too EA 120956 -3220 
(/ Bot EFA 119.90 -3207 
10 Top S/N 100.49 +3170 
11 fop BA 120.57 -3220 
1 Bot BA 119,92 +3285 
500 Ton S/N 101.30 -3210 
50]. fop HA 120gb6  -3210 
502 Bot E:! 11092 -3310 
1000 Top S/H 102.00 -3195 
1001 Top EA VilZeeso ~ 3200 
ToS. Bot EA 119.92 +3335 


HA =~ 13 = 2O5BB - 1.20 


Ce 


3200 


QeeD 


3287 


3207 


p29) 
Bao) 


DSS 
5240 
Soke. 


RAbyes 
Bae 
3399 


See 
3240 


3290 


é, 


ON ON ON 
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COW U1 
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OS 8, 


6580 


6325 
6460 


- 6600 


6380 
64.350 
6610 
640% 
64.20 
6625 


EA Strain Gage and S/N Fetisue Gare Comvarison 
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ge DEAR EI , PD 


5000 
5OOL 
5002 


10,000 
10,001 
10,002 


11,000 
I (CO, 
eo? 


12,000 
bene 1 
12,002 


13,060 
13,001 


14,000 
14,001 


169) S919) 
15,001 


mG. OOO 
1S. OB 


17,000 
Ly7 Oe 


(Continued) 


Ton S/N 104.25 


~ 3235 5255 6468 t- 32354 

HOO BA | teres 3195 5245 BA40 +3229 
Bot BA 119.99 ~ 3500 BIOS 63810 £3405 
Specimen removed for metallogravhn inspection, 

Top S/N 105.26 Baloo 2240 6430 +321, 
Topeek 120.60 = $120 3245 6365 “+3182 
Bot BA 120,56 HAO55 B560 741.5 BOCs, 
Specimen removed for metallosraohn inspection 
after each LOUO eycles 

Top S/N 105.30 - 4210 3260 6479 eee 
TomensA  120q00 oles S 3210 6365 + Sihee 
Bot FA 120,69 Ewe 6 990 (Eco BEBIS S10 
Top S/N 105.36 -- 31.50 3215 6365 =3inee 
Top HL ## 121,60 ~ 3080 Bei 6290 PSL 45 
Bot EA Readines discontinued 

Topea/h 105.40 = 50 oe B2QaO 6330 +3165 
Too BA 121.25 -- 2040 31.80 6220 ae Sie 
Toy S/N 105,56  -3140 3180 6320 +3160 
Top BA 121.48 ~ 3030 3180 6210 = HOS, 
fap S/N 105.70 - 3080 314.90 6270 a oye 
Meip BA 121,73 ~ S100 4220 6320 + 3160 
Top S/N 105.79 ~2940 3265 6205 +4102 
Top EA 122,20 --2970 3260 6230 sag Mills 
Top S/N 105.8% ~~ 5140 4190 6340 > 3165 
Top BA l2e2ceo -~3205 3250 6455 eo, 
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TEST # 3: 


Ran 


(Gontinued) 


Crack length data: 


Strend 


outside 
1 


DO ON AUT Eis 


Strand 


© 
er 
cr 
tte 
ey 
‘ee 


LO ON OUI EW MFO 


10 


outside 


ne 0090 
Crack 1¢ (@ u,)) 
Base ENO 

= 200000 
2002159 -OORO5 
0000355 20000 
.00085 200065 
-CGes e0CO00 
200050 » 00080 
00080 e VO000 
OO C1018 OOS 
200000 106) ois 
“OGiE 200045 
-OOLLG «Geo 00 
«C0060 O0on5 
200040 «20000 
RO «00055 
200035 PSreOe 
e001 20 $OCGs5 
~00080 » 00000 

= 200045 

IN == EGLO 


Crack length (in.) 


Nes. DLO 2000 
Giseck Neneun( tam ) 
Base Tip 

- «00000 
2001.00 05078 
200000 «00000 
» 00080 «C0009 
2 00090 290000 
«000CO «00050 
«00000 » 00600 
e9AD000 COTO 
200009 «000CGD 
e0OL00 200000 
200050 200050 
» OD000 «90009 
6 00000 200009 
» 00060 2 C0009 
200060 »8OC00 
e 00LOO «00000 
- 60080 «00000 

Ss 00008 

ie 12, 066 
Crecx lenecn (in, ) 
Bas¢ Tiv 

2 «00000 
OLR IEs LOC 28. 
200050 «000900 
6A0LO00 e 00160 
POO aie) » 00006 
~00060 eV01L00 
<e05 6 OOCCO 
e COGOO OCEANS, 
»000 50 200040 
2 00140 200050 
~OcOdé0 OOOO 
»02G50 » 09000 
» 001,00 ~0GO (0 
PaClen mele 206020 
,00125 geo (0 
“Ooo > 090028 

= ~00050 


Base Jintie 

= ~OCGe0 
~0@269 »901.60 
~00070 ~«COOR0 
Ove s ~OGTZ0 
~OOLES « VOBEO 
00099 « OC 
eC elcoCs 
200020 Py OO eres. 
~00070 «0850 
200165 ~00050 
200750 ~ COCOD 
000290 .0ClL 23 
~00050 - 000CS8 
,00L29 Coles 
- OG s0 , OCGe-0 
200150 Pu 01018116) 
« VOHEZD © 00020 


COG 





TEST ¢ 3: (Continued) 


Cmace Len stinadatas 


N= 14,000 N= 15,009 
serena crack leneth (in. ) Orack Leue tiem. ) 
Base suate Base TAD 

outside - «00000 - 2.00000 
1 00230 .00180 .00255 AGC EO 

2 200000 ~00000 .00105 ~OCO0D 

3 200745 ~00160 .001,69 200190 

d, ~00180 ~ 00000 »00200 00009 

5 .00100 ~001,40 “00126 06120 

6 SO OIL »00000 ~00160 200000 

v4 00040 00220 200050 200250 

8 200080 .00060 ~O013.0 00100 

9 .001 90 00090 .00200 ~00820 

10 2001.80 ~00000 ~001.90 200090 
ipl POO) eO 00140 OOo ~00160 
12 ~00120 ~00000 .001 35 ~00030 
Ae & 001 40 ° COME 20 e 00180 . O07 L0 
14 ~00160 ~00060 001.70 .00085 
15 ~00170 OO ee SOO 2 TO .00150 
16 ,OOLGG .00020 ,00125 00040 
outside as ,00090 2 POC110 

N= 36.000 N = 17600 
Strand Crack length (in,) Crack eth (in.} 
Base Tid Base sta 

outside - «09000 - 00000 
1 200275 .00236 00300 200260 

2 00140 ~00000 200150 .0C0000 

3 ~00180 56210 .00200 ~00239 

A 200230 200000 ~00250 200005 

5 200240 ~OOL80 001.60 KOS LEO 

6 00180 200900 00200 ~O0000 

é ~00070 ~00290 ~OO01L00 09310 

8 00140 OOLLO »00150 ~ 00150 

g 600250 200140 »00255 ~00150 
10 200250 ~00000 HOOLLo C000 
nee ~00180 »~001.S0 00200 200200 
ae ZOOL 50 e COO60 2002.80 € O0O0ED 
13 200190 ~OO170 ~00230 200185 
14 200200 00100 ~00230 »COLeo 
1S 200230 ~00180 {O02 70 .00200 
16 O01 © 00050 , 00220 00060 
outside = 00129 =: »O0L50 


> = 
— 





TEST # A: S/N Fatigue Data 
Material: 1018 CR Steel 
Design: Flat B 
Somme sNee: Se. 
strain Indicator: Strainsert Ha-1 
Gage Type: HA-O1 bows Z-Ageeee) (ASSUMED) 
Gage Factor Setting: 2,04 
CemsivngaplochwPositicn® ¢ 1 


Temperatures oe | - 


}3 


Maomugsaing: Reverse Bendane 
Bending Rate: 1080 OFM 
Cyele Mo. on Se SS oe 
Le 2065 2480 AB5AS pen 2 ay 
5 ~ 2045 250 4555 a2eri 
1006 ~2140 Zo 4870 2435 


Cycles Re 


y 
OER aly Ate. © Teal ar) aie ah 


{> 
rj 


0 ILO © 

5 {VOLO S 

5 MOO ao 

iL arene OE AO. 

3,000 ICEL 

6,000 102.4 

NOVesO 163.1 
15,000 103.5 


Nn tf i i wh HO OOe 


2 we e e a @ aw el e ea a a a 


20,000 104, 4 

25,000 104.6 : 

36,600 ne, 9 6 

35,COo 10) a 84} 
40,000 He 5. 5 O 

50,0600 FAILED 





Mma wm 
ss 4 
Om” ns a 


Vale 
—_ 


Material: 


Design: 


S/N Fatigue Data 


LOLS (Ch. Siew 


Fiat 


Serial No.: § 


Bar 


~2 


Seat Indicator: 


Gace ype: 
Gage Factor Setting: 


Ciemp Biocx Position: 


Temverature: 


NA 


Tyve Loading: 
Bending Rate: 
Cycle Bo. Ee 
Es “225 
5 = DEES 
fa 50), ~2620 
5,000 ~ 2430 
S000 ~2460 
Pe OO0 ~2510 
L000 ~ 2480 
22,000 ~2610 
27,500 2530 
Sia) 5 S181e -2660 
Oi O0 +2500 
42,500 -~2850 
Cycles AE 
0 0 
a rhe 
5, 48 
oO 95 
30 200 
60 B20 
THOS 525 
400 Aoy © 


~O1 


71 °R 


Streainsery Heal 


ino: 


2.04 


71 


Z- ab ob PEL 


Hevewse Lending 


400 


CPM 
oes 


2245 
2260 
BAS 
2O7> 
Feel 8, 
2{50 
2550 
a8 
2920 
2950 
3045 
by 210)9) 


Rg 
166,48 


Boy eS 


Ey Ce 
A500 2250 
AVES) oS +2266 
4995 + 2497 
SOS: Gee 550 
5190 eo) 
5260 a ES BO. 
5440 ee OOS 
3 Oe, +2690 
5450 ne 
5620 4+-2810 
BOA5 te OPO 
6085 ume oe 

PAAR 

0,9 
00,0021 
00,0098 
040295 
O,0410. 
O,0fes 
O21? 
0, 3424 








tie 5: 


Cycles 


400 
600 
raelele 
Hef oh, 
2,500 
5 y 500 
5,000 
8,000 
12,000 
17,000 
22,00 
2 See, 
5c oO 
ON Oe, 
42,500 
44,500 
45,909 


(Continued) 


Re 


1OGReO 
100.95 
lGaeS 
Owe 
101.c8 
oral as 
Oe ey 
LOGOS 
104,62 
LO 2S) 
TObe fe 
106.25 
LOG255 
HO 7-260 
107.78 
107.9 


AR 


Ouse = Shirved to s/*# 


0.50 
Onoy 
0,88 


2 o a 9 3 


9 « 


@ 


® 
WISI A DE ONY ON 
UN EN FOOW AD 


OVA) Oil at 10a eee 
& 


Resistance 
meter 


* Jest terminated in order to preserve 
vege; fatigue crack in srecimen nad 


propasated almost to edge of gages 


~ oo 





wa r™ } fo. 5 avis eee 
EST # 6: S/N Fatigue Data 


> te oe ww er Ge 


Material: "Lucite 129" Acrylic Plastic 


Design: Flat Bar 
Semel Nos: bel 


Sage Inower bor?  Sireaimecort sea 


Gage Tyne: Na-Ol Lot: AyQaris 
Gage Factor Settins: 2,04 


Clamping Block Position: # 1 


Tyoe Lo 


ee 
Cu ae 


nr 


Pewee Bend ag 


Bending Rate: 500 CFM 


~ O .q 


Temperature: 71°R 
Cyele No. i. SA on 3 > 
1 2215 SOS ( eee) +2685 
5 - 2451.0 7080 SOS +2695 
Cycle Rg Paes 

0 LOGZ 25 0,00 

40 100, 59 Cu 

oh 100. 35 Cweore 

Oo cLSIDS a. Ow LO 

400 100,58 0.53 

601 Oe, Of OMe? 

1,900 BO, 0D Ogfe0 

py 18) ear, DD BAG. 

2,500 no, OS LASS: 

4,000 Bo. LO LAS 

6,000 107.05 ORS 5 

8,300 Oe VU Bae 

10,000 ie. ( ( Deere 

USeeOU 104,50 4.25 

COR eo 1OGZ0o rs: 

fas (O09), LOSe50 ory 

BO OO) WO SAGs eee. 

205000 OG ne 5 Gace 
49,528 107.90 fos 





al eel 
Meaperial : 


TEST 


Design: Fla 


Sexial Wo. : 


UT vedere So. 


S/N Fatigue Data 


Love. Plas aaac 


G Haus 


Lee 


Suman Indicator: Straimecrtii 


Gage Tyne: 


C3 


Gae 


O2 


NA-OL 


2 factor Settins: 


Lot: Z-ALCAP2L 


2 Oe: 


Glamping Block Position: #2 


Bending Rate; 


Temperature; 


Cycle No. ee 


Not Recorded, Random Rates (500-1080 GEM) 


70°R 

Cx EC, Es 
3470 6925 + 3463 
39°95 6950 + 3475 
41.05 (lap +3566 

Rg AR 

106232 0,00 
1009.35 0.03 
106.40 0,06 
LOORS0 0.18 
100,60 O25 
100,69 OFS 
Loree 0,80 
101.76 Lee 
102325 LASS 
105: ce pees 
105.12 4.80 
105,84 5% Fe 
105.90 5258 Specimen feiled 


2% gase foe 





TEST #f 8: 
Material: 
Design: Fiat 


Scei2. Nan: 


Strain Indicat 


Gage type: 


Gage Factor Setting: 


Cramoine Brock 

Bending Rates: 

Temperature: 
Ce 

w ALBS 


Cycle No. 


190 
C00 
400 
610 
1,002 
1,202 
15780 
2, Com 
3,003 
bree er 
4,012 
4,020 


Bar 


Le 3 


Cletlr 


NA-OL 


S/N Fatigue Pata 


"Lucite 129" 


Strainsert Hye 


LG-ct 


Posi t vom, 


Not Recorded, Random Rates (500-1080 OF) 


70°R 


S, 


28 
560 


LO@WOO 
100,00 
100,23 
100,28 
100,48 
106,50 
100,92 
10m 4s 
102,04 
302,66 
103,88 
104325 
1O5n055 
Obs 55 
1Ga, 12 
106, 65 
106.79 
106.88 


2,04 


Zam ALOAPEL 


a 
if 


es 
10,025 


10,0%0 


Gone 


HOV yiie blac wre 


Ce 


pO lc 


ate 15 


A 


0,00 
0,00 
Oia 
0, 28 
OAS 
OWGO 
0.92 
1.48 
pore 
2,66 


snecimen failed 
ere tin, 


at 


[are 
> aie 





; f 
PUES NES 2 
an 


2) +422 ee | “te, ees 


S/N Fatigue Data 


Peeerilal: 


Uae ce: eo es 


Design: Flat Bar 
SCrieiere.: L=4 
SUreasemmidacator: Stitains 
Gage Tyoe: NA-Ol Log: 


Gage Pactor Setting: 2.04 
Clanelne Brocige posi t tom: 


Bending Rate: Variable: 


Gevanc Piacere 


ert Hil~) 


Z-hLOAP2L 


# 2 


O<N < 50,000 
50,000 < #< 68,700 


Temperature: 70°F 
Cycle No, Ee. on S- ora 
| «2100 2970 5670 = 26u5 
Ss. “2(10 2970 5680 + 2840 
Cycle Re L\R 

if 100.20 0,00 

5 100¢ 50 O60 

19 100 . 34 0.14 

Ge 100,40 0,20 

60 Teese 6 0.26 

100 POO SSC OF 50 

4502 1Cey¢/ 6 O15 

600 POT geek 3. Oe91 

1,900 101,49 2g 

15500 LOR ASS 1.68 
2,003 102,04 1.84 

ey WORN eo feu le 

4,000 102,58 2,38 

6,006 LOS. Oo eer 2\ 0, 

6,002 103.99 3.19 
10,001 104,12 3.92 
enowe 104,74 4 54 


660 OPit 
S70 CPM 





Vee 
Pita 2 4 or ae WE Doe fet & be” wD 


(Continved) 


Cycle 


15 COO0 
20 ,000 
30,000 
40,016 
50000 
60,000 
68.700 


Rg 


104,95 
HO Sra 
105.70 
BLOND 2 
106.18 
107.86 


. Glee 


Ak 


4.75 
Sal 
Bra. 
Seif 
598 
Tet 
{Oe Sle: 


Specancon faileca at clamoing block, 





} , Gress 
GEST 7 10: S/N Faticue Data 


Materials "“Jmcite 129" Acrylic Plastic 


Design: Flat Bar 
Serial No.: L-5 


Straw rpc icator: Strpeuascort Hiv] 


Gaze Type: NA-O1 Trot: ZAL2APeL 
Gaze Pactor Settings: 2.04 


Clamping Block Position: # O (0.75" away from 7 1) 


Temperature: 7O°R 


Bending Rate: G< Re 150,000 
350,000 We 200,900 
20OR OOr in 550,006 


500 OP 
660 CPi 
1080 OPM 


Cycle No, oe C. — Ce 
1 #1570 2240 3810 *+ 1905 
5 -.610 22 3820 +1910 
on OO°0 - ~ 3860 == EOSO 
50 , GOO “ - 9950 +1965 
Cycle RE AR 

0 WOO e 55 oO, 00 

1. Bo Cm ba COFCO 

5) Due CS re Once 

100 100.45 Oei0 

500 TOO 5 Cunt. 6 

ie OO 100,.60 0225 

Sele LOO er OF52 

6,060 LOSS Oem 

10,000 LO Dee fO URS, 

CO Nees BO) 2s Logs 

JO, 000 102859 Cells 

40,000 L015 2.40 


e 
‘OD 
U7 





Teg t a LO 


Cycle 


50,000 

65,000 
100,000 
150,000 
170,323.00 
200 , 000 
ee 
2567581019) 
400 , O00 
Sones 
550,000 
100,000 
450,000 
450,000 
5002000 
550, COO 


(Continued) 


RE 


Lop. eS 
10555 
103,79 
LOA 
105. 34 
HEC. 15 
VO | 


"107.36 


ICeno 0 
109,00 
109.47 


eS 


ame feo 
ieee t 2) 
pmE Ale 
oe ae 


large value of AR. 


AR 


2 t® 
2,80 
50 tA 
4.28 
4.99 
5.80 
6,12 
ic Cl 
(95 

5° 65 
9,12 
0,46 
nee 
ie OO 
es 7 


ais B85 


Test terminated because of 


+30 minutes elapsed 


$20 minutes elapsed 


£20 hGm@rs clepesed 


_ = 


7 
== EP 


J 8=20S | 
7 _ 





TEST 78 11: Effect of Dime on S/N Fatigue Gage Resistance 


- _ 
en c@oat 25 wer 


Material: Aluminum 2024-74 


Desesn: 9 Klay Bar 


ate 


Smroti wneicotor: St¢rainmesert B=) 


—_ J 


Gage Type: WNA-O1 HOt: AL2AYLS Cee kel 
Type Loadins: Reverse Bending 
Strain Level: +1500 nue 


Gage #7 1: 


N RS ANGE. Date 
872,000 LO eee 2.62% April 1966 
872,000 103,40 340 April 1967 


Gage # 2: 


NN Rg AR Date 
72,090 102.62 2.62 April 1966 


872,000 103,89 3,89 Avril 1967 


* JTriebes (31) assumed the initiel resistance 


of his gages as 100 ohms since the manufacturer 


oo 


states that tne gage resi 


n 


tance is 100.0 © wee cas. 


a 


Qo 


LO- 
2a 


12s 
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